Sympathetic neurons mediate developmental change in cardiac sodium channel gating through long-term neurotransmitter action.
Innervation of nerve and muscle cells during development is often accompanied by changes in the expression and function of ion channels in the postsynaptic cell. However, the signaling pathways whereby the presynaptic nerve influences the properties of the postsynaptic cell are less well understood. Indirect evidence suggests that cardiac voltage-gated Na+ channels undergo important changes during development. Here, we compare directly single voltage-gated Na+ channel currents from neonatal and adult rat ventricular myocytes and report a negative shift in the voltage dependence of channel gating during development, leading to a significant speeding of channel activation and inactivation at a fixed membrane potential. These developmental changes can be mimicked in vitro by innervation of neonatal myocytes with sympathetic neurons. The effect of sympathetic neurons is blocked by the beta-adrenergic receptor antagonist propranolol and is mimicked by prolonged coculture of neonatal myocytes with a membrane-permeable cAMP analog. Thus presynaptic neurons can control the developmental phenotype of ion channels in a postsynaptic cell through a classic receptor-mediated neurotransmitter action that involves a defined second messenger pathway.